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Abstract

Background: Though Limbal Relaxing Incisions (LRI) were used widely to correct pre-existing corneal astigmatism
during cataract surgery, they have been replaced recently with the more expensive methods like the use of toric Intra
Ocular Lenses (IOL) and femtosecond during cataract surgery. We conducted our study to re-evaluate the role of (LRI)
in correcting pre-existing moderate corneal astigmatism during cataract surgery in settings where other options are
neither available nor affordable.

Methods: Retrospective analysis of all consecutive cases of LRI performed by a single surgeon at the time of cata-
ract surgery to correct moderate corneal astigmatism (1.5-3D) in a community hospital over a period of 6 months.
Corneal astigmatism, uncorrected distance visual acuity (UDVA) and best corrected distance visual acuity (CDVA) were
recorded pre-operatively, 4 weeks and 3 months post-operatively. Data on age, intraocular lens (I0OL) power, predictive
refraction and post-operative spherical equivalent was also collected and analyzed. The number and position of LRI
was determined based on the pre-existing corneal astigmatism using online calculator.

Results: 29 eyes of 25 patients with the mean age of 73.6years (range: 46 to 90 years) and corneal astigmatism
between 1.5 to 3D were included. Statistically significant reduction in the mean corneal astigmatism was recorded
from 2.05+0.45D preoperatively to 0.85 4+ 0.56D postoperatively (P<0.0001). All eyes showed reduction in astigma-
tism; 83% of eyes had < 1.0D post-operatively and 66% of eyes had <0.75D. UDVA of 6/9 or better was recorded in
80% of eyes post-operatively (CDVA of 6/9 or better in 100%). The spherical equivalent was within 1.0D of the predic-
tive refraction postoperatively in nearly all eyes (97%) and within 0.5D in 86% of the eyes. There were no peri-opera-
tive or post-operative complications were recorded in any case.

Conclusion: Combining LRI and cataract surgery to address moderate degrees of corneal astigmatism is a safe, reli-
able and predictable option especially in areas where more expensive methods such as toric IOL or excimer laser are
not available or affordable. LRI has no significant effect on the spherical equivalent and is an excellent tool in reducing
patient’s spectacle dependence.
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Introduction

Cataract surgery has been established as one of the
most commonly performed surgeries in the world. With
improvements in intraocular lens (IOL) calculations,
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phacoemulsification techniques and with advances in
available IOLs, patients’ expectations and demands are
continuously on the rise. This has led to an ongoing drive
pushing cataract surgeons to attain patients’ satisfaction
and meet their expectations in having excellent postop-
erative unaided vision and being glasses independent.
Achieving a predictable and repeatable postoperative
spherical correction has largely been solved by the devel-
opments in ocular biometry and formulas. This has in
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turn led to emphasis on the reduction or elimination of
pre-existing corneal astigmatism as this is the second
most important factor to reduce spectacle dependence. It
is estimated that corneal astigmatism of more than 1.0D
is found in up to 40% [1] of patients presenting for cata-
ract surgery, 1.5D or more is present in over 20% [2] and
above 2.0D in 10% [3] of patients. There are various ways
of correcting corneal astigmatism at the time of cataract
surgery, and it includes incision placed on the steep axis
of the cornea [4], addition of opposite clear corneal inci-
sion (OCCI) [5], single or paired limbal relaxing incisions
(LRI) [4, 6, 7]and the use of toric IOLs [4, 6-9]. There are
various published studies comparing toric IOLs vs LRI
showing comparable results [7] while others showing
toric IOLs to be superior and long lasting in achieving
spectacle independence [6]. In this study we look at the
use of LRI in reducing corneal astigmatism and improv-
ing outcomes in settings where toric IOLs are either not
available or deemed too expensive.

Patients and methods

This study is a retrospective analysis of all consecutive
cases of LRI performed by a single surgeon over a period
of 6 months. The study protocol has been approved by
the Institutional Review Board (IRB) of the Hashemite
University. The study protocol insured full patient data
confidentiality and complied with Declaration of Hel-
sinki. No informed consent was required by IRB since
this is a retrospective study.

Patients presenting for cataract surgery with pre-
existing corneal astigmatism between 1.5 and 3.0D were
included in the study. Any patients with corneal astig-
matism of less than 1.5D had on-axis incision alone or
in combination with OCCI to reduce corneal astigma-
tism. On the other hand, patients presenting with more
than 3D of corneal astigmatism were still offered LRI
to reduce astigmatism but glasses independence was
deemed unlikely to achieve and were not included in this
study. 29 eyes of 25 patients were identified and included
in this study and all patients had detailed history and
complete ophthalmic examination including full pre-
operative cataract assessment. All patients had normal
adnexa and anterior segment examination, normal IOP
and nearly normal fundus examination with no previous
lid or ocular surgery with corneal astigmatism between
1.50 to 3.0 D. We considered any ongoing chronic ocular
pathology or corneal ectasia as an exclusion criterion for
the purpose of this study.

The medical records of those patients were identi-
fied from theatre records and evaluated. Data collection
included uncorrected distance visual acuity (UDVA),
best corrected distance visual acuity (CDVA) and cor-
neal astigmatism, pre and post operatively. Data on age,
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gender, IOL power, predicted spherical refraction and
post-operative spherical equivalent was also collected.
Patients were identified using partial coherence inter-
ferometry IOLMaster (Carl Zeiss Meditec, Germany), of
having corneal astigmatism between 1.5-3.0D and had
corneal topography to confirm the degree and axis of the
astigmatism using Pentacam Eye Scanner (Oculus Optik-
geraete GmbH; Wetzlar, Germany) as well as to rule out
any irregular astigmatism or subtle corneal ectasia which
were both considered as contra-indications for the LRI

Patients with corneal astigmatism of between 1.5-2.0D
had their main phaco incision (Clear corneal incision
of 2.8 mm) on the steep meridian with one LRI at 180
degrees opposite to the main incision. Patients with more
than 2.0D of corneal astigmatism had their two LRI on
the steep meridian 180 degrees apart. The calculations of
the length and position of LRI were done using the Don-
nenfeld nomogram with the online calculator; http://
www.Iricalculator.com.

Procedure

All procedures were performed by the same experienced
surgeon using standard phacoemulsification under topi-
cal anesthesia. All patients had immediate pre-operative
limbal-corneal marking while sitting upright and look-
ing straight ahead using the slit lamp to avoid any cyclo-
torsion of the eyeball which could be induced by lying
supine as per previously published technique [10]. All
patients were fully consented and informed about the
expectations along with potential complications. Insulin
needle was used to make a linear radial corneal abrasion
at the limbus after installing topical anesthesia with fluo-
rescein (Proxymetacaine HCL 0.5% & Flourescein 0.25%
minims) preoperatively. On the operating table, the site
and the length (in clock hours to avoid any possible effect
of corneal diameter) of the LRI were marked using Men-
dez gauge (manufactured by Duckworth and Kent, Eng-
land, UK) after identifying the steep corneal meridian
with the aid of pre-placed corneal reference marks. Single
or paired LRI were performed prior to phacoemulsifica-
tion procedure using a 550 pm diamond guarded blade
and placed at least 0.5mm anterior to the limbus. All
patients had 2.8 mm clear corneal incision as the main
phacoemulsification incision with no wound enlarge-
ment. Surgical induced astigmatism for the surgeon was
previously calculated to be 0.5D which was used for the
online LRI calculator (Fig. 1) and all patients had Akreos
AO60 (Bausch & Lomb) IOL in the bag.

Results

Twenty-nine eyes of 25 patients were included in the
study (15 right and 14 left eyes while 12 male and 13
female patients) with the mean age of 73.6years (range:


http://www.lricalculator.com
http://www.lricalculator.com

Abu-Ain et al. BMC Ophthalmology ~ (2022) 22:102

Page 3 of 8

Surgeon Name MAA

Patient Information 0 Patient Age 60

Eye Selection OD (right) Scale Degrees
Surgeons's View Superior
Nomogram Selection DONO (Donnenfeld)
Steep K (35.00 - 50.00) 45 D Steep Meridian (0 - 180) 90 /270°
Flat K (35.00 - 50.00) 43D Flat Meridian 0/180°
Preoperative Astigmatism 2.00D
Thinnest Corneal Depth (500 - 1200) microns

gically Asti ism (SIA) (0.00 - 1.00) 0.5D
Meridian Incision Location (0 - 360) 90°

Your phaco incision should not overlap with the LRI. For this reason, only one LRI
is recommended.
You may need an additional procedure to fully correct all astigmatism.

.

270°

e . New Steep Meridian 90 / 270°

Phaco

LRI 227.5°-312.5° = = = New Flat Meridian 0/180°
New-Steep K: 44.75D New-Flat K: 43.25D  (After Phaco)
Astigmatism: 1.50 D Treatment: 1.25D

LRI-Incision(s): 1 Incision Size: 85°/2.8 c.h.

Residual Astigmatism after LRI: 0.25 D

Fig. 1 LRI online calculation showing an example with 2.0D of corneal astigmatism having the steep meridian at 90 degrees and the main phaco
incision at the steep meridian with SIA of 0.5D. The recommendation was for one LRI at 270 degrees with 85 degrees size using a guarded diamond
knife having a pre-set depth of 550 um. The residual corneal astigmatism was predicted be 0.25D

46 to 90years). All procedures were uneventful, with no
intra-operative or post-operative complications. Patients
were reviewed at 1 month and 3 months post-operatively.
UDVA and CDVA were reported in addition to complete
ophthalmic examination including subjective refraction.
Corneal topography was also performed at 3months
postoperatively to ensure stability of cornea has been
achieved. Mean pre-operative corneal astigmatism was
2.05D+0.45 (Range: 1.5-3D) distributed as: 1.5-2.0D
in 20 eyes (69%), 2.1-2.5D in 5 eyes (17%) and>2.5D
in 4 eyes (14%) as shown in Fig. 2. Post-operative astig-
matism was <1.0D in 24 eyes (83%), <0.75D in 19 eyes
(66%) and between 1.0-1.25D in 5 eyes (17%) as shown
in Fig. 3. All eyes had reduction in their corneal astig-
matism and UDVA was 6/9 or better in 80% of eyes (23
eyes) which increased to 100% with correction in eyes
with no co-morbidities. Post-operatively 97% eyes were
within 1.0D of the predicted spherical equivalent and
86% of eyes were within 0.5D. A statistically significant
reduction in the mean corneal astigmatism was noticed
from 2.05D+0.45 pre-operatively to 0.85D+0.56 at
3months’ post-operatively (p<0.0001). The improve-
ment in corneal astigmatism was maintained between 1
and 3-month’s post operatively as shown in Fig. 4 and the
journey of individual cases is highlighted in Fig. 5 which

shows that all eyes had improvement in their corneal
astigmatism. Table 1 also shows the pre-operative and
post-operative parameters with no statistically signifi-
cant difference between the results at one month versus
3months postoperatively. Statistical analyses were per-
formed using Graph Pad Prism software with all statisti-
cal analysis being 2 sided and values less than 0.05 were
considered significant.

Discussion
It is well established that addressing corneal astigmatism
at the time of cataract surgery can increase spectacle
independence. This in turn will not only have practical
advantages for the patient but in addition will provide
cosmetic and economic benefits [9]. When astigmatism
is corrected with glasses, it creates meridional magnifica-
tion which can produce asymmetric and distorted retinal
images. These images can in turn reduce spatial percep-
tion [11] and prove to be quite challenging for the elderly
population [12] undergoing cataract operation. However,
if corneal astigmatism is corrected at corneal plane or at
the IOL plane, the above-mentioned challenges could be
avoided [13].

We also know that placing clear corneal incision on the
steep axis results in flattening of cornea in that meridian
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[5] as clear corneal incisions and astigmatism has been
extensively examined. The longer the incision or closer
the incision to the center of the cornea, the greater is
its flattening effect [14]. There are various studies in the
literature that compares LRI against toric IOLs with
very mixed results; in some studies, LRIs have shown
comparable results to toric IOLs [8] while in other stud-
ies toric IOLs have been found to be more efficacious
[9, 15]. However, toric IOLs are more costly and may
require additional surgical procedure to re-align the IOL.
LRIs are cheaper to perform and may still be an effective
option in settings where either toric IOLs are not avail-
able or deemed too expensive.

During cataract surgery, corneal astigmatism of <1.5
D can be easily managed by smart planning. Placement
of the clear corneal incision on the steep meridian for
example would help in reducing astigmatism and its
effect would depend on the location, width and struc-
ture of the incision [16]. This basic technique would be
enough for addressing corneal astigmatism of up to 1.0D
and the residual corneal astigmatism of <0.5D could
still be sufficient for being glasses independent [17]. For
patients having corneal astigmatism between 1.0 and
1.5D, the use of opposite clear corneal incision (OCCI)
is an added option. Paired OCCIs have been found to be
a reliable, effective and predictable solution in enhancing

the effect of a single clear corneal incision in addressing
corneal astigmatism at the time of cataract surgery [5].
The above-mentioned options would not require any
additional equipment and are simple and basic methods
to improving preexisting corneal astigmatism and have
been reported to address up to 2.0D of astigmatism [18]
depending on the size of incision. Steeper corneas could
be approached by performing LRI at time of cataract sur-
gery [2, 4, 19, 20] when toric IOLs are not an available
option. The procedure is easy to perform and could be
safely adapted by most cataract surgeons without adding
any significant operating time.

In this study we included patients who had pre-existing
corneal astigmatism between 1.5 and 3D. These patients
desired reduced spectacle dependence where the option
of toric IOL was neither available nor affordable. Patients
who had less than 1.0D astigmatism had on-axis corneal
incision (with or without enlargement of wound depend-
ing on the magnitude of astigmatism) while OCCI was
added for cases where astigmatism was between 1.0 and
1.5D. All 29 eyes included underwent the procedure of
LRI at the start of operation without having any intra-
operative or post-operative complications either due
to LRI or cataract surgery. Mean pre-operative corneal
astigmatism in our study was reduced from 2.05D +0.45
to 0.85D+0.56 post-operatively (p<0.0001) which
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compares well with the published literature [16]. All eyes
showed improvement in corneal astigmatism magnitude;
100% of eyes had more than 1.5D of corneal astigma-
tism pre-operatively but none of the eyes had more than
1.25D of residual astigmatism post-operatively. These
results are quite encouraging and in keeping with most
published data [4, 19, 20] and our study also showed no
statistically significant difference between the results at
1 and 3 months post-operatively (p 0.8825). In our series,
83% eyes had less than 1.0D residual astigmatism post-
operatively and 17% (5 eyes) had residual astigmatism
between 1.0 and 1.25D but all these eyes had high pre-
operative astigmatism (> 2.4D).

LRI has also been called peripheral corneal relax-
ing incision (PCRI) in more recent literature [21] as this
term describes the procedure more accurately. There are
various ways of calculating and planning the location and
length of LRI which is made quite easy by the website:
www.lricalculator.com. The incision used for cataract
surgery can be made use of or it can be made temporally

in all surgeries accompanied by paired LRIs on the steep
meridian. However, the calculator would adjust the
length of the LRIs to compensate for the SIA. The calcu-
lator can be used with clock hours or degrees as per pref-
erence of the surgeon and in good hands it has proven to
be very effective, predictable, safe and cost-effective tech-
nique for addressing corneal astigmatism.

LRI has also been used safely with multifocal IOL [22]
with minimal effect on the final post-operative spherical
equivalent necessitating no change in the IOL calcula-
tions [23]. It also has the advantage of keeping the cen-
tral cornea intact for possible excimer laser surgery if the
post-operative astigmatic results were sub-optimal [24].
By selecting appropriate patients, performing detailed
assessment including corneal topography, the risk to
patient is minimized as well as conditions like corneal
ectasia are excluded where LRI would be contraindicated
due to irregular nature of astigmatism.

Although toric IOLs have been around for some
time, they may still not be available in certain practices
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Table 1 Comparison and pre and post-operative parameters; UDVA=Uncorrected distance visual acuity in LogMAR.
CDVA = corrected distance visual acuity in LogMAR, D = Diopters, SD = standard deviation
Parameter Pre-Op (Mean + SD) 1 Month PValue 3 Months PValue
UDVA (LogMAR)
Mean £ SD 0.61+£0.19 0.16+0.14 <.0001 0.18+£0.12 <.0001
Range 0.4-1 0.10-0.03 0.11-0.02
CDVA (LogMAR)
Mean £ SD 042+0.14 0.007 £0.06 <.0001 0.006 £0.07 <.0001
Range 0.2-0.8 —0.1-02 —0.1-0.24
Corneal Astigmatism (D)
Mean £+ SD 2.05+045 0.79+0.27 <.0001 0.85+0.56 <.0001
Range 1.5-3 04-13 04-1.2

or countries. As an example, even in United Kingdom’s
state-owned National Health Service (NHS), toric IOLs
are not available routinely to patients in all parts of the
country. There are some hospitals where toric IOL is
offered to the patients however there are still significant
hospitals including tertiary units where toric IOL is not
an option on the NHS. Moreover, there are certain hos-
pitals where toric IOL is only offered if patients have
corneal astigmatism above an agreed cut off which could
be 2 or 3 diopters. Similarly, there are countries like Jor-
dan where toric IOL or laser refractive options for cor-
recting corneal astigmatism may not be available due
to cost/affordability and LRI would be a cheaper way to
provide some improvement in patient's UDVA or spec-
tacle dependence. As a rough guide, in UK the cost of
toric IOL is around 8-10 times higher than the price
of LRI blade. In UK this will amount to at least around
80 pounds difference in the cost; which could be higher
if toric IOL rotates and patient is taken back to theatre.
Hence, we believe the use of LRI is an efficient and signif-
icantly cheaper alternate to the use of toric IOL in offer-
ing patients similar benefits without the attached price
tag.

The limitations of this study could be the retrospective
nature of the cohort and the relatively smaller sample.
This study also included eyes with corneal astigmatism
less than 3D, which may have implications on generaliz-
ing these results for higher degree of astigmatism.

Conclusion

Combined LRI and phacoemulsification appears to be
safe and effective to correct moderate degrees of corneal
astigmatism during cataract surgery especially in areas
where more expensive method like toric IOL is unavail-
able or unaffordable. LRI has no significant effect on the
spherical outcome and has an excellent safety profile. We
believe it still has a role and cataract surgeons should

consider it as an option in helping patients enjoy specta-
cle independence where modern techniques might not be
available or affordable. This study helps to re-iterate the
confidence in the use of LRI and its success in improv-
ing patient’s spectacle dependence even in settings with
limitations.
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